Abstract: Low-carbon production has become one of the top management objectives for every industry. In garment manufacturing, the material distribution process always generates high carbon emissions. In order to reduce carbon emissions and the number of operators to meet enterprises' requirements to control the cost of production and protect the environment, the paths of material distribution were analyzed to find the optimal solution. In this paper, the model of material distribution to obtain minimum carbon emissions and vehicles (operators) was established to optimize the multi-target management in three different production lines (multi-line, U-shape two-line, and U-shape three-line), while the workstations were organized in three ways: in the order of processes, in the type of machines, and in the components of garment. The NSGA-II algorithm (non-dominated sorting genetic algorithm-II) was applied to obtain the results of this model. The feasibility of the model and algorithm was verified by the practice of men's shirts manufacture. It could be found that material distribution of multi-line layout produced the least carbon emissions when the machines were arranged in the group of type.
Introduction
In recent years, the issue of greenhouse gas emissions reduction has become a popular topic in the world [1] . At the United Nations Climate Conference in Copenhagen, China promised to reduce carbon emissions per unit of GDP to 40-50% of the 2005 levels by 2020 [2] . China is the largest garment processing country with high energy consumption and high carbon emissions in the world [3, 4] . Material distribution is one of the carbon sources in the garment production process. Therefore, it is an important problem for enterprises to seek a win-win situation of economic and environmental sustainability. Reduction of cost and carbon emissions are also hot issues in the research of material distribution.
The ever-increasing contradiction between the efficient production line and inefficient production logistics is the bottleneck that limits the production capacity of an enterprise [5, 6] . Generally, the operators generally choose the route according to personal experience or even personal preference when distributing the materials since there are no standard routes or rules to follow, and the routes are not optimized by enterprise. As a result, the cost of production will increase, while the carbon emissions will increase due to waste of distribution cost and occupation of transportation resources [7, 8] . Most importantly, choosing the route by operators' experience and preference could create some problems such as untimely distribution of material, lacking materials in some workstations, even stopping production, and increasing production costs [9, 10] . Before sewing, the garment materials-including clothing pieces and accessories-need to be distributed to the relevant workstations. Garment sewing involves many processes [11] . Apparel companies hope that materials can be distributed in a timely manner and reduce distribution costs, thereby improving production efficiency, and increasing corporate profits. Just-in-time distribution aims to accurately deliver materials to the required workstations at the right time and in the right way [12] . Therefore, the material distribution route and personnel should be reasonably planned to achieve on-time distribution for the purpose of high efficiency of material distribution.
The production lines should be arranged according to market and orders since apparel is a fast fashion industry [13] . Generally, the production mode of garments is divided into three different types: mass production, medium batch production [14] , and multi-variety small batch production [15] . Due to the different workstation arrangements in different production modes, the materials required for each workstation are different. It is necessary to arrange the material distribution path reasonably for different production modes.
Generally, the distribution of materials before sewing is carried out by the operators using carts, so the breathing carbon emissions generated by the operators are mainly considered in this paper. Material distribution is a complex problem involving multiple constraints because there are many factors involved in this process. For example, it is necessary to consider that the material should be distributed accurately and efficiently since the cost of production could be reduced by minimizing the consumption of distribution, while the environment could be protected by minimizing carbon emissions. It is necessary to establish a comprehensive optimization model including the factors of operator number and carbon emissions.
In this paper, application analysis of the material distribution model was carried out using the sewing production of men's shirts. It is expected to reflect the actual situation of carbon emissions in materials distribution. The NSGA-II algorithm was applied to obtain the results of carbon emissions in different production lines. The optimal path of material distribution in different workstation layouts can be found according to the results obtained from the model calculation. Thus, this paper is organized as follows: a literature review of related work is presented in Section 2. The assumptions, constraints, and objective functions of the material distribution model are described in Section 3. The NSGA-II algorithm design is specifically described in Section 4. Taking men's shirts as an example, the material distribution of different workstation layouts and different production line layouts are optimized. Each optimization scheme was compared to one another to select an effective solution. Detailed experimental design and results are presented in Section 5. Discussion is illustrated in Section 6. In Section 7, several conclusions were summarized.
Literature Review
The main idea of this paper is to obtain an optimal distribution plan with consideration of carbon emissions and the number of operators in garment material distribution. We review the literature about the material distribution problem in two areas: research about material distribution optimization, and research about carbon emissions.
Research Concerning Material Distribution Optimization
In order to optimize the material distribution paths for reducing cost of production, and improving market competitiveness of enterprises, some researchers have established different multi-objective model of material distribution path based on the different objectives and impact factors [16] . For example, Mohammad Rahimi [17] posed a new idea about inventory path, based on the level of service in the distribution of perishable products-considered by determining the specific expiration date, and established a multi-objective mathematical model to maximize profit, minimize delay rate, and minimize the number of vehicles. Keivan Ghoseiri [18] established a multi-objective path optimization model, which can minimize the total cost of transportation and transit time. Cheikh Mohamed [19] used a hybrid genetic algorithm to solve the multi-objective path optimization model-with a minimal cost of transportation and total travel time.
NSGA II is an improved version of NSGA (non-dominated sorting genetic algorithm) and was originally proposed by Deb et al. [20, 21] . A few variants of the NSGA II algorithm have been used for solving multi objective vehicle routing problems, e.g. for solving vehicle routing problem with route balancing [22] , for solving multi objective vehicle routing problems with time windows [23] and for solving a green vehicle routing problems [24] . Multi objective genetic algorithms for the solution of multi objective vehicle routing problems have been used in [25, 26] .
From the research on material distribution above, we see that these studies are aimed at achieving the lowest cost, without accounting for environmental factors and attention to a delivery time window.
Research Concerning Carbon Emissions
More and more people are realizing the importance of the low-carbon economy with the steadily increasing awareness of environmental protection. Low-carbon manufacturing has become a hot topic as a result of the service advantage and cost advantage. Therefore, under the premise of ensuring service and cost advantages, the model of material distribution for low carbon emissions would be a useful and efficient tool to enhance the international competitiveness of enterprises.
In the past few years, the issue of green material distribution has received more attention. Wu W. [27] proposed a multi-objective optimization problem of water distribution systems that accounts for two objectives: the minimization of total cost and the minimization of GHG emissions. Soysal et al. [28] proposed a model of food logistic network with carbon emissions consideration for an international beef supply chain. Bauer et al. [29] proposed an application to minimize greenhouse gas emissions for railway service. A hybrid ant colony system, green capacitated vehicle routing problem in sustainable transportation was proposed by Adiba et al. [30] and they developed a technique to estimate the quantity of the carbon dioxide emissions and emissions matrix, which were integrated into the CVRP model. Erdogan and Miller-Hooks [31] developed and conceptualized a green vehicle routing problem. A vehicle routing problem, simultaneous pick-up and distribution, was proposed by Montané and Galvão [32] . Figliozzi [33] proposed a vehicle routing problem for emissions minimization. Kuo et al. [34] developed a carbon footprint inventory path for hot spot suppliers' planning and selection. Konur [35] developed carbon constrained integrated inventory control and truckload transportation with heterogeneous freight trucks.
Through the abovementioned literature, it can be found that in solving the green and material distribution problems, existing contributions focus on how to transform multi-objective optimization into single-objective optimization [36, 37] , ignoring the balance of multi-objectives. In addition, these consider the delivery time window [38] without using it as a constraint. Most research related to the optimization of material distribution focuses on urban freight transportation and assembly production lines, such as automobile assembly line [39] [40] [41] .
In summary, there is still little research on material distribution of garment production lines that considers the two factors of the economy and environment at the same time. Thus, this paper proposes a comprehensive model for garment material distribution considering carbon emissions and the number of operators to optimize distribution paths. This study can provide guidance for enterprises to achieve green and sustainable development.
Model Formulation
The problem of the material distribution path is usually optimized with a single goal such as minimizing transportation cost or minimizing distribution distance [17] [18] [19] . However, manufacturers hope to achieve multiple objectives of carbon emissions reduction while saving cost, so it is necessary to establish a multi-objective optimization model. The assumptions of the model are described in Section 3.1, constraints of the model are introduced in Section 3.2. The objective functions of the model are presented in Section 3.3.
Assumptions
In order to maintain the reasonable and scientific nature of the hypothesis, the mathematical models in this paper are supported by literature references [42] [43] [44] . The assumptions for the establishment of the multi-objective model are listed as follows:
1.
There is only one distribution center.
2.
The locations of material distribution center and each workstation are known.
3.
The material requirements for each workstation are known.
4.
The requirements of each workstation must be met.
5.
The type and the loading capacity of vehicles are known. 6.
Vehicles must not be overloaded during material distribution.
Constraints
According to assumptions and the needs to build the model, constraints are proposed. The notations are used in this research that focus on a deterministic model denote as material distribution are defined in Table 1 . Constraint formulation is shown in Equations (1)- (5). Equation (1) ensures only one vehicle (operator) for a workstation. Each workstation can be assigned to an operator. Every operator has a material vehicle of the same capacity and distributes material to workstations. Equation (2) sets the constraint that the material demand on each path cannot exceed the load capacity of the vehicle. Equation (3) ensures that the distribution vehicle starts from the distribution center. Equation (4) sets the constraint of the time requirements for each workstation. Equation (5) ensures that distribution vehicles (operators) return to the distribution center after completion of distribution.
Objective Functions
The multi-objective optimization model of garment material distribution considering carbon emission is proposed to realize the path selection of low-carbon distribution. Carbon emissions in the process of garment material distribution mainly come from the respiration of operators since the vehicles do not consume energy, while the carbon emissions from the breathing of operators distributing materials are associated with the distance and speed of walking intensity. If we only put the minimum carbon emissions as the optimization goal, it is pointless for enterprises. Therefore, the objective function is not to minimize carbon emissions, but to use the minimum number of vehicles (operators) as objective function when we establish the mathematical model.
Objective 1: Minimum carbon emissions.
Objective 2: Minimum number of vehicles (operators).
x 0im (7)
Methodology
To optimize the model of material distribution to obtain minimum carbon emissions and vehicles (operators), a multi objective method is required. A multi objective method can be applied by using many different algorithms. Among these algorithms, genetic algorithms have been shown to be effective in solving material distribution optimization problems in many researches [45] [46] [47] . In this study, the NSGA-II algorithm is applied to calculate the multi-objective optimization model of material distribution. The optimization procedure using NSGA-II is summarized in Figure 1 , and the steps of genetic algorithm as follows. Step 1: Workstations are coded by real numbers (Section 4.1).
Step 2: The population size is set, and the initial population (Section 4.2) is generated according to the constraints.
Step 3: According to the objective function value of each individual, the fast non-dominated sorting (Section 3.3) and the virtual crowding distance (Section 4.3) of the contemporary population are calculated.
Step 4: According to the calculation results of sorting and crowding distance, two individuals are randomly selected for crossover (Section 4.5) and mutation (Section 4.5) by using the tournament mechanism (Section 4.4).
Step 5: The elite retention strategy is carried out (Section 4.4). The parent population and the child population are combined. The combined population is selected by fast non-dominated sorting and virtual crowding distance, and then a new generation population is generated.
Step 6: The number of iterations is increased by 1, returning to Step 3. This loop continues until the maximum number of iterations is reached.
Coding
The chromosomes are coded in real numbers. Since the number of vehicles (operators) is uncertain, the code does not add the distribution center (0) as a path separator to the chromosome structure according to the general distribution vehicle path optimization models. However, all the workstations are coded directly into one chromosome. This chromosomal coding method ensures that the distribution of each workstation is not duplication.
For example, three distribution vehicles (operators) are used to distribute material for nine workstations, assuming there is a solution (347125689) and (123), the permutation is the permutation as shown in Figure 2 . Step 1: Workstations are coded by real numbers (Section 4.1).
For example, three distribution vehicles (operators) are used to distribute material for nine workstations, assuming there is a solution (347125689) and (123), the permutation is the permutation as shown in Figure 2 . In this example, the vehicle 1 (operator 1) provides distribution service for workstations 3, 4, and 7; workstations 1, 2, and 5 are distributed by vehicle 2 (operator2); and vehicle 3 (operator 3) provides distribution service for workstations 6, 8, and 9. The corresponding distribution paths can be described:
Sub-path 1: 0-3-4-7-0 Sub-path 2: 0-1-2-5-0 Sub-path 3: 0-6-8-9-0
Decoding and Population Initialization
The decoding method can be illustrated as following steps:
Step 1: A new distribution path is initialized.
Step 2: The gene elements in the chromosome are sequentially inserted into the current distribution path. If the insertion of the gene value causes the loading of the distribution path to exceed the maximum capacity of the vehicle or return to the distribution center later than the latest return time or the arrival time is earlier than the earliest arrival time, then a new distribution path is constructed.
Step 3: The above operations are repeated until all the workstations that needed to be distributed are inserted into the distribution path. The initial population is generated in a random manner. Since each individual is a full array of 1 to n, the initial population randomly generates chromosomes that satisfy the population size.
Fast Non-Dominated Sorting and Calculating Congestion
The fast non-dominated sorting solution is found and classified into a first-level non-dominated solution. After that, a new non-dominated solution is found in the remaining solutions and classified into a second-level non-dominated solution. The loop will run in turn until all solutions are assigned.
When the ranks of the non-dominated solutions are the same to each other, it is necessary to distinguish the advantages and disadvantages, according to the crowding distance of the nondominated solutions. The evenly distributed solution is preferentially selected since the relatively large crowding distance.
Operation Selection
The selected population evolution is close to the position of the non-dominated optimal solution for the purpose of the average dispersion of the non-dominated solution frontier. The method of binary tournament selection is to arbitrarily select two non-dominated solutions (i and j) and put them into the mating pool. The individual i is better than j when the non-dominated level < In this example, the vehicle 1 (operator 1) provides distribution service for workstations 3, 4, and 7; workstations 1, 2, and 5 are distributed by vehicle 2 (operator2); and vehicle 3 (operator 3) provides distribution service for workstations 6, 8, and 9. The corresponding distribution paths can be described:
Decoding and Population Initialization
Step 3: The above operations are repeated until all the workstations that needed to be distributed are inserted into the distribution path.
The initial population is generated in a random manner. Since each individual is a full array of 1 to n, the initial population randomly generates chromosomes that satisfy the population size.
Fast Non-Dominated Sorting and Calculating Congestion
When the ranks of the non-dominated solutions are the same to each other, it is necessary to distinguish the advantages and disadvantages, according to the crowding distance of the non-dominated solutions. The evenly distributed solution is preferentially selected since the relatively large crowding distance.
Operation Selection
The selected population evolution is close to the position of the non-dominated optimal solution for the purpose of the average dispersion of the non-dominated solution frontier. The method of binary tournament selection is to arbitrarily select two non-dominated solutions (i and j) and put them into the mating pool. The individual i is better than j when the non-dominated level rank i < rank j ; if rank i = rank j , the congestion distance is d(i) distance > d( j) distance . Elite retention strategies are adopted to accelerate the rate of convergence.
Crossing Operation and Mutation Operation
The crossover method is involved in two points of intersection. Two intersections are randomly set in the individual code string, and then the partial gene exchange is performed. It is assumed that the two parent chromosomes are "parent 1 = 347125689", "parent 2 = 215843769", and a crossover region is randomly selected in the parent chromosome, where the red dotted line is the crossover region. The intersections in the two chromosomes are interchanged to obtain two new chromosomes (proto-child1 and proto-child 2). The schematic diagram of the crossover process is shown in Figure 3 . ; if = , the congestion distance is ( ) > ( ) . Elite retention strategies are adopted to accelerate the rate of convergence.
The crossover method is involved in two points of intersection. Two intersections are randomly set in the individual code string, and then the partial gene exchange is performed. It is assumed that the two parent chromosomes are "parent 1 = 347125689", "parent 2 = 215843769", and a crossover region is randomly selected in the parent chromosome, where the red dotted line is the crossover region. The intersections in the two chromosomes are interchanged to obtain two new chromosomes (proto-child1 and proto-child 2). The schematic diagram of the crossover process is shown in Figure  3 . A flip mutation method is adopted to increase the diversity of chromosomes after mutation. The variant parent is obtained based on the probability of mutation. The two mutation points of the parent chromosome are selected at random, while the child variant individuals are obtained by the flipping operation. The chromosome is assumed as "217385946", and two mutation points are randomly selected on the chromosome, where the red dotted line is the mutation region. The genes in the mutation region are inserted into the original gene position in reverse order to obtain a new chromosome. The schematic diagram of the mutation process is shown in the Figure 4 . 
Case Study
The material distribution schemes of the three production line layouts (multi-line, U-shape twoline, U-shape three-line) of the men's shirts in the three workstation layouts: process workstation layout, machine workstation layout, and garment components workstation layout (PWL, MWL, and GWL) were optimized by the model, and the carbon emissions and the number of operators for the material distribution of each scheme were calculated. The number of operators and carbon emissions of the material distribution of the three production line layouts under each workstation layout were compared and analyzed, and the production line layout with the lowest carbon emission and minimum number of operators for each workstation layout was obtained. Enterprises could reduce the cost of transportation and carbon emissions under certain conditions, while the material could be sent to each workstation in an accurate and timely manner. A flip mutation method is adopted to increase the diversity of chromosomes after mutation. The variant parent is obtained based on the probability of mutation. The two mutation points of the parent chromosome are selected at random, while the child variant individuals are obtained by the flipping operation. The chromosome is assumed as "217385946", and two mutation points are randomly selected on the chromosome, where the red dotted line is the mutation region. The genes in the mutation region are inserted into the original gene position in reverse order to obtain a new chromosome. The schematic diagram of the mutation process is shown in the Figure 4 . ; if = , the congestion distance is ( ) > ( ) . Elite retention strategies are adopted to accelerate the rate of convergence.
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Case Study
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The material distribution schemes of the three production line layouts (multi-line, U-shape two-line, U-shape three-line) of the men's shirts in the three workstation layouts: process workstation layout, machine workstation layout, and garment components workstation layout (PWL, MWL, and GWL) were optimized by the model, and the carbon emissions and the number of operators for the material distribution of each scheme were calculated. The number of operators and carbon emissions of the material distribution of the three production line layouts under each workstation layout were compared and analyzed, and the production line layout with the lowest carbon emission and minimum number of operators for each workstation layout was obtained. Enterprises could reduce the cost of transportation and carbon emissions under certain conditions, while the material could be sent to each workstation in an accurate and timely manner. Sections 5.1 and 5.2 describe examples of experiment problems in this paper and the design of the parameters of the model and algorithm. The experimental results are analyzed in Section 5.3.
Arrangement of Production Line
Generally, the production line can be arranged by three different layouts. In the order of process workstation layout (PWL) is to arrange the workstations according to the processing order of the men's shirt. In the type of machine workstation layout (MWL) is that machines required for the same processing contents are arranged in one workstation. The components of the garment components workstation layout (GWL) is to produce each garment component as a workstation. In this paper, the production lines were laid out according to multiple-line (Figure 5a ), U-shape two-line (Figure 5b) , and U-shape three-line (Figure 5c ), as shown in Figure 5 .
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The production cycle of each workstation was not much different since the production line was optimized by balance, so the material was distributed in batches. The daily output of men's shirts was 600 pieces, while the material was bundled in 20 pieces. Each workstation required 2 bundles of material and to be distributed 15 times. The capacity of the vehicle was 20 bundles.
According to the literature [48] , short-term respiratory minute volume of Chinese residents was summarized, as shown in Table 3 . The respiratory minute volume of residents in China was different under different activities. According to the references [48, 49] , 0.03% of air inhaled by human body was CO 2 , while 4.4% of the exhaled air was CO 2 , generally, the density of CO 2 was 1.98g/L. Thus, the carbon emission factor of human breathing was calculated by Equation (8) Garment material distribution was considered heavy physical labor here. The respiratory minute volume of the distribution operator was 36.6 L/min. Thus, the carbon emission coefficient of the distribution operators' breathing was K = 0.53 × 10 −4 kgCO 2 e/s. The walking speed of the materials delivered by the operator was 1m/s. The initial population size of the NSGA-II algorithm was 200, and its genetic algebra was 500. The algorithm is run 20 times repeatedly.
Analysis of Results
After the model was calculated by NSGA-II algorithm, the material distribution schemes and distances of multi-line, U-shape two-line, U-shape three-line according to PWL, MWL, and GWL were shown in Table 4 .
As shown in Table 4 , there were eight workstations to distribute material to in the production line arranged by PWL, nine workstations to distribute material to in the production line arranged by MWL. Both of them required four operators (vehicles) to distribute material in a timely and accurate manner. According to the production line arranged by GWL, there were five operators (vehicles) to distribute material for 10 workstations. The multi-line layout of the three workstation layouts had the shortest distribution distance, and the U-shape three-line layout has the longest distribution distance. Among them, the distribution distances of the multi-line and U-shape two-line layouts for MWL were the shortest. The U-shape three-line distribution distance of PWL was the shortest.
The carbon emissions of different production line layouts were calculated and shown in Figure 6 . It was easy to find that the quantity of carbon emissions in multi-line (0.159 kgCO 2 e/day) arranged by PWL was close to the quantity of carbon emissions in multi-line arranged by MWL (0.158 kgCO 2 e/day), which was the lowest quantity of carbon emission among nine production lines. In the opposite, the total carbon emissions (0.324 kgCO 2 e/day) in U-shape three-line arranged by GWL was higher than others. In further, it is obvious to find that the U-shape two-line (0.185 kgCO 2 e/day) and U-shape three-line (0.187 kgCO 2 e/day) have similar but different quantities of carbon emissions when they are arranged by PWL, while the lowest and highest quantities of carbon emissions in the three types production line were multi-line and U-shape three-line even with production arranged by different workstation layouts. As shown in Table 4 , there were eight workstations to distribute material to in the production line arranged by PWL, nine workstations to distribute material to in the production line arranged by MWL. Both of them required four operators (vehicles) to distribute material in a timely and accurate manner. According to the production line arranged by GWL, there were five operators (vehicles) to distribute material for 10 workstations.
The multi-line layout of the three workstation layouts had the shortest distribution distance, and the U-shape three-line layout has the longest distribution distance. Among them, the distribution distances of the multi-line and U-shape two-line layouts for MWL were the shortest. The U-shape three-line distribution distance of PWL was the shortest.
The carbon emissions of different production line layouts were calculated and shown in Figure  6 . It was easy to find that the quantity of carbon emissions in multi-line (0.159 kgCO2e/day) arranged by PWL was close to the quantity of carbon emissions in multi-line arranged by MWL (0.158 kgCO2e/day), which was the lowest quantity of carbon emission among nine production lines. In the opposite, the total carbon emissions (0.324 kgCO2e/day) in U-shape three-line arranged by GWL was higher than others. In further, it is obvious to find that the U-shape two-line (0.185 kgCO2e/day) and U-shape three-line (0.187 kgCO2e/day) have similar but different quantities of carbon emissions when they are arranged by PWL, while the lowest and highest quantities of carbon emissions in the three types production line were multi-line and U-shape three-line even with production arranged by different workstation layouts. 
Discussion
The material distribution of garment production mainly depends on manpower, and the carbon emissions come from operators' breathing. Therefore, the distance of distribution is crucial, which is consistent with the conclusion of material distribution in other manufacturing industries [42] [43] [44] .
In many studies, the material distribution problem mainly considers the vehicle load, ignoring the uncertainty of the number of vehicles (operators) [17, 18] . The model also considers the number of vehicles (operators), and the experiment results are closer to reality than the general material distribution problem. 
In many studies, the material distribution problem mainly considers the vehicle load, ignoring the uncertainty of the number of vehicles (operators) [17, 18] . The model also considers the number of vehicles (operators), and the experiment results are closer to reality than the general material distribution problem.
In the modern garment production system, for the mass production mode, the process flow workstation layout is often adopted [50] . For the medium batch production mode, the machine type workstation layout is often used. For multi-variety small-batch production mode, the workstation layout of garment components is often used [51, 52] . In this study, low-carbon distribution schemes for different production line layouts according to different workstation layouts are obtained.
The different types of production lines have different numbers of workstations, while position coordinates of workstations, the quantity of materials distributed at each workstation, the earliest time of vehicle arrival, the latest time of vehicle departure, and the service time are different from each other. As shown in the Figure 5 , the shape of multiple-line layout is similar to the U-shape two-line layout's shape but very different to the shape of the U-shape two-line layout, it can be easy to conclude that the multi-line layout and U-shape two-line layout can arrange more machines in the certain space, while the U-shape three-line layout needs more space to arrange the same number of machines. Above all, the layouts of multi-line and U-shape two-line can be better production line types for companies with restricted area or companies that want to arrange more machines in their factories.
As better types of production lines are adopted, it is important to arrange the workstations by an effective methodology rather than arranging them randomly. Generally, the machines can be arranged by three different workstation layouts (PWL, MWL, and GWL) s. Different from the random arrangement of the workstations, the three workstation layouts (PWL, MWL, and GWL) are more reasonable since not only can they save the distribution distance but also can decrease the cost of the production. Among the three workstation layouts, the PWL needs fewer (8) Above all, the multi-line production line arranged by MWL could be a good way to arrange the workstations in the factory to save area and reduce distribution distance. The optimized production lines shown that the multi-line production line arranged by MWL has the lowest carbon emission, while the U-shape three-line production line arranged by GWL has the maximum carbon emission.
Conclusions
Material distribution is a crucial link in reducing the production costs of garment manufacturing. Material distribution problems have been studied and solved in many previous works. However, few studies have considered path optimization based on carbon emissions. This paper aims to deal with carbon emission optimization of material distribution with time windows for garment production. A multi-objective optimization model with minimum carbon emissions and the minimum number of distribution operators is established. The NSGA-II algorithm with fast non-dominated solution ordering and elite strategy is used to solve the problem, so that the optimal solution can be obtained faster. Production lines with different layouts of men's shirts are taken as examples for verification. In the optimized material distribution scheme, among the material distributions of three production line layouts, PWL produced the lowest carbon emissions. The material distributions of multi-line production line layout for three workstation layouts produces the lowest carbon emissions.
In order to adapt to market development, garment production also needs to meet the production requirements of different products. In this paper, the material distribution schemes of low carbon emissions in different production line layouts are analyzed by an example. The experimental results of this paper provide a variety of material distribution solutions for apparel manufacturers. Apparel manufacturers can select the corresponding material distribution scheme according to their actual production conditions. The research design and method of this model can also be applied to other industries, such as automobile material distribution problems of an assembly workshop. With the development of the market, production lines can produce different types and quantities of products with order requirements, resulting in more types and quantities of material on the same production line. The timely and carbon-emissions-efficient material distribution in the mixed flow production line are key issues to be considered in the future.
